This experiment was conducted to determine the accuracy of a prediction equation for metabolisable energy (ME) content generated from the chemical composition of de-oiled corn distillers dried grains with solubles (DDGS) in finishing pigs. A total of 72 pigs (average initial body weight 85.7 kg), with four pigs per pen and six pens per treatment, were fed one of the three experimental diets. The experimental diets were a corn-soybean meal basal diet or two diets containing 30% de-oiled DDGS diets. The experimental diets were formulated using ME values obtained from a prediction equation or NRC
Introduction
Many studies have been conducted recently to evaluate corn distillers dried grains with solubles (DDGS) as an ingredient in swine diets (Stein 2007; Stein & Shurson 2009 ). Historically, corn DDGS contains approximately 10% oil with an ME content similar to corn (Stein and Shurson 2009) . However, over the past several years, the extraction of oil from corn has led to more variation in corn DDGS ether extract (EE) content ranging from 2.1 (Ganesan et al. 2009 ) to 14.3% (Pedersen et al. 2007) .
Some researchers have evaluated the DE and metabolisable energy (ME) content of corn DDGS (Pedersen et al. 2007; Mendoza & Ellis 2010; Ren et al. 2011; Anderson et al. 2012; Kerr et al. 2013) , but the number of samples (especially for the de-oiled DDGS) was usually limited. Li et al. (2015) determined the ME content of 25 DDGS samples; 10 of them were de-oiled. From these data, prediction equations were generated. The best de-oiled DDGS ME prediction equation (DM basis) was ME (kcal/kg Many energy prediction equations for different feedstuffs have been reported (Noblet & Perez 1993; Stein et al. 2006; Pedersen et al. 2007; Jacela et al. 2011; Anderson et al. 2012; Urriola et al. 2013; Li et al. 2015) . However, few reports ever verified the accuracy of these prediction equations. We hypothesised that the accuracy of an ME calculated by a prediction equation based on the actual chemical analysis of the DDGS may be superior to a book value for a generic DDGS obtained from NRC (2012) . Therefore, the objective of this study was to compare the accuracy of energy values determined using the prediction equation of Li et al. (2015) and NRC (2012) value in de-oiled DDGS in diets fed to finishing pigs.
Materials and methods
All experimental procedures and animal care were approved by the China Agricultural University Animal Care and Use Committee (Beijing, China).
Animals and housing
A total of 72 crossbred pigs (Duroc Â Landrace Â Yorkshire) with an initial body weight of 85.70 6 7.33 kg were selected from a commercial herd (Fengning, China). The experiment was set up as a completely randomised design with three dietary treatments, and six replicates of four pigs (two barrows and two gilts) per treatment. All pens were equipped with a nipple type drinker and a feeder. Feed was given twice daily (07:30 and 16:30 h) and water was available ad libitum throughout the 4-week study. Pigs and feeders were weighed at the beginning and end of the experiments in order to calculate ADG, ADFI and feed efficiency.
Experimental diets
A typical sample of de-oiled corn DDGS was selected. The chemical composition was analysed and put into a prediction equation to calculate the ME of DDGS (Tables 1 and 2 ). The best de-oiled DDGS ME (kcal/kg
, with NDF, CP and ash expressed on DM (Li et al. 2015) . The experimental diets were formulated using the ME of DDGS obtained from the prediction equation or NRC (2012) value and the ME of other ingredients were obtained from NRC (2012). The SID AA values were according to the NRC (2012). The three treatments were a corn-soybean meal as a control, deoiled DDGS prediction equation value and de-oiled DDGS NRC (2012) value. All diets were formulated according to the nutrient requirements suggested by NRC (2012) for finishing pigs. The ingredient composition of the experimental diets is shown in Table 3 . The diets were equal in ME (3.30 Mcal/kg) and SID Lys level (0.69%). Samples of feed were collected and stored at 4 C until chemical analysis.
Sample collection
On the 28th d of the trial, six pigs were randomly selected from each treatment (one pig per pen) and an 8 ml sample of blood was obtained by vena cava puncture using a 9 ml clot activator tube (Greiner BioOne GmbH, Kremsm€ unster, Austria). Blood samples were centrifuged for 15 min (3000 rpm) and stored at À20 C for further analysis. After blood sample collection, pigs were slaughtered by exsanguination. From the left half of each carcass, meat samples between the 10th and 11th ribs of Longissimus dorsi muscle were obtained for the determinations of pH value, water-holding capacity and intramuscular fat (IMF) content.
Carcass and meat quality measurements
At slaughter, the carcass was split longitudinally and the head, hair, feet, viscera and leaf fat were removed. Hot carcass weight (HCW) was recorded before chilling. The dressing percentage for an individual animal was defined as HCW divided by the live weight. Measurements of backfat depth at the midline were conducted with a vernier caliper at the 10th and the last rib, respectively. Measurements of the height and width of Longissimus dorsi muscle were conducted on the cut surface at the intercostal space between the 10th and 11th ribs (Huff-Lonergan et al. 2002; Jia et al. 2010) . After slaughter, 45 min-pH (pH 45) and 24 h-pH (pH 24) were measured with a glass penetration pH electrode (pH-star, Matth€ aus, Germany). Measurement of loin colour (including L*, a* and b* values) was conducted with a Chroma Meter (CR-410, Konica Minolta, Tokyo, Japan). Drip loss was measured as described previously (Aaslyng et al. 2003; Straadt et al. 2007 ).
Longissimus muscle area (LMA) was determined by the equation LMA ¼ height Â width Â 0.7 (Huang et al. 2008) . Twenty-four hours after carcasses were chilled at 1.7-4.4 C, 2.54-cm cores from the belly and jowl were collected. The belly tissue cores were collected at the midline opposite the last rib, and the jowl fat cores were collected from the right side at the same position. Core samples of belly and jowl fat were stored at À20
C after collection and analysed for a fatty acid profile using gas chromatography according to the American Oil Chemists' Society (AOCS 1998) method (Ce 1062). The iodine value (IV) of fat was calculated using the following equation (AOCS 1998):
IMF percentage was determined in the Longissimus dorsi by ether extraction without previous acid hydrolysis (Serra et al. 1998 ).
Sample preparation and chemical analysis
The ingredients and diet samples were analysed for Kjeldahl N (Thiex et al. 2002) and EE (Thiex et al. 2003) . DM (Association of Official Analytical Chemists (AOAC) method 930.15), ash (AOAC method 942.05), calcium (AOAC method 927.02) and phosphorus (AOAC method 965.17) were determined using the methods of the AOAC (AOAC 2000). NDF and acid detergent fibre concentrations were determined using the methods of Van Soest et al. (1991) . GE was determined with an isoperibol oxygen bomb calorimeter (Parr Instruments, Moline, IL).
Before analysis of AA, the de-oiled corn DDGS sample was hydrolysed with 6 N HCl for 24 h at 110 C (AOAC method 999.13) and analysed for AA using an Amino Acid Analyzer (Hitachi L-8900, Tokyo, Japan). Methionine and cystine were determined as methionine sulphone and cysteic acid after cold performic acid oxidation overnight and hydrolysed with 7.5 N HCl for 24 h at 110 C (AOAC method 994.12) using an Amino Acid Analyzer (Hitachi L-8800). Tryptophan was determined after LiOH hydrolysis for 22 h at 110 C (AOAC method 998.15) using high-performance liquid chromatography (Agilent 1200 Series, Santa Clara, CA).
Estimation, calculation and statistical analysis
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Results

Performance
The effect of the method of ME calculation in the diets on the performance of finishing pigs is shown in Table 4 . The pigs fed the diet calculated by NRC (2012) had significantly lower ADG and feed efficiency compared with pigs fed the diet calculated by prediction equation (p < 0.05).
Carcass traits and meat quality
The effects of the method of ME calculation in the diets on carcass traits and meat quality of finishing pigs is shown in 
Fatty acid composition and iodine value of jowl and belly fat
Fatty acid composition and IV of jowl and belly fat in pigs are shown in Tables 6 and 7 . There was no difference in fatty acid composition and IV due to treatment (p > 0.05).
Serum indexes
Serum indexes in pigs are shown in Table 8 . Glucose and low-density lipoprotein concentrations in pigs fed the diet calculated by NRC (2012) were significantly reduced compared with pigs fed the control diet (p < 0.05). Leptin and lipase concentrations in pigs fed the diet calculated by prediction equation were higher compared with pigs fed the diet calculated by NRC (2012) (p < 0.05).
Discussion
Performance ADG in pigs fed diet calculated by NRC (2012) was lower compared with the other treatments. The reason for the decreased ADG may be a deficiency of energy. Because the ADFI in pigs fed the two diets was not different, the poor ADG is likely a result of the fact that the ME values in NRC (2012) of deoiled DDGS were overestimated. There were 10 samples of de-oiled DDGS selected in the prediction equation (Li et al. 2015 Q2 ) . However, the 10 samples consisted of nine samples of low-oil DDGS and only   319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353  354  355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371   372  373  374  375  376  377  378  379  380  381  382  383  384  385  386  387  388  389  390  391  392  393  394  395  396  397  398  399  400  401  402  403  404  405  406  407  408  409  410  411  412  413  414  415  416  417  418  419  420  421  422  423 424 one medium-oil DDGS. Furthermore, the de-oiled DDGS prediction equation did not contain the factor of EE which indicated that the equation cannot predict variable oil content of DDGS. Therefore, the prediction equation can be used in de-oiled DDGS because the EE content in de-oiled DDGS did not vary much. As the development of DDGS processing techniques improved, the energy and AA digestibility increased (Urriola & Stein 2009; Anderson et al. 2012) . However, the energy and SID AA content in de-oiled DDGS were also varied considerably and using a fixed value of ME may be not appropriate which may be the reason why the NRC (2012) value of low-oil DDGS is overestimated in this experiment. Because of the decreased ADG in pigs fed the diet calculated by NRC (2012), the feed efficiency was poor in this treatment.
Carcass traits and meat quality
The carcass traits of pigs fed the diet calculated by prediction equation did not differ compared with pigs fed the control diet which is in agreement with previous research (Widmer et al. 2008) . The pigs fed the diet calculated by NRC (2012) had lower HCW compared with pigs fed the other diets which are in agreement with the lower ADG in this experiment. Pigs fed the diet calculated by NRC (2012) had decreased Longissimus dorsi muscle area compared with pigs fed the other two diets. The reason may be that the decreased energy intake affected the energy-protein ratio which caused the low deposition of protein. This is in agreement with previous research (Whitney et al. 2006; Gaines et al. 2007 ). However, the backfat depth and LMA in pigs fed the diet calculated by prediction equation did not differ compared with the control diet. This may be due to the proper energy-amino acids ratio which caused improved meat quality and this is in agreement with previous research (Lee et al. 2011; Duttlinger et al. 2012; Rickard et al. 2012; Schiavon et al. 2015) .
Meat quality indicators such as pH, drip loss and IMF were not affected by the experimental diets. However, b* yellowness in Longissimus of pigs fed the diets containing DDGS was higher compared with pigs fed the control diet. No previous information is available on the effect of feeding diets containing corn DDGS on meat colour. Because corn DDGS are processed to transform starch into ethanol but other ingredients are not changed, other nutrient levels are increased three times in corn DDGS. As a result, the pigments in corn DDGS such as lutein, zeaxanthin and cryptoxanthin may be deposited in high levels in Longissimus (Lu & Mao 2003) .
Fatty acid composition and iodine value of jowl and belly fat
The quality of carcass fat is important for meat processors who discriminate against soft bellies because they are difficult to process into bacon (Wood & Enser 1997 Q2 ) . Carcass fat IV, which provides an overall estimation of fatty acid unsaturation, is an indirect indicator of belly firmness (Hugo & Roodt 2007 Q2 ) . A maximum IV has not been universally accepted by the pork industry. However, a range from 70 to 74 has been recommended to be a maximum value (Boyd et al. 1997; Cromwell et al. 2011) . In this experiment, no difference in fatty acid composition and IV of jowl and belly fat was observed. This is in agreement with Widmer et al. (2008) and Lee et al. (2011) but in contrast with some   425  426  427  428  429  430  431  432  433  434  435  436  437  438  439  440  441  442  443  444  445  446  447  448  449  450  451  452  453  454  455  456  457  458  459  460  461  462  463  464  465  466  467  468  469  470  471  472  473  474  475  476  477   478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529 530 Means with the same row without common superscripts differ significantly (p < 0.05).
other papers (Benz et al. 2010; Rickard et al. 2012) which reported an increase in IV as the concentration of DDGS increased. However, in this experiment, the fat concentrations between each group were similar and the lipid in diets was mainly supplied by corn oil and soybean oil. The IV of corn oil and soybean oil were similar which are 125 and 132, respectively (NRC 2012) . This may be the reason why no increase in the IV was observed for pigs fed the DDGS-containing diets. Another reason may be that the short duration of the experiment (28 d) was not long enough to alter fat deposition.
Serum indexes
Indexes related to energy metabolism in serum were determined in this experiment. The decreased serum glucose and low-density lipoprotein levels in the diet calculated by NRC (2012) indicate a lack of energy intake which is in agreement with the poor performance in the treatment. The low level of glucose also resulted in low secretion of leptin which is a function of decreasing energy intake (Mueller et al. 1998 ). The lipase level in the diet calculated by prediction equation was high compared with the diet calculated by NRC (2012) which may be due to the addition of soybean oil in the treatment. However, a difference in digestion and metabolism between the oil bound in DDGS and soybean oil has not been previously reported.
However, there was an issue should be pointed out which was the higher protein concentration in the diets containing corn DDGS compared with a cornsoybean meal. The high concentration of CP may lead to high N excretion which may be detrimental to water and air quality. So, the further study to increase the utilisation of N in corn DDGS or reduce N excretion of pigs fed high-level protein diets is necessary.
Conclusions
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